For a series of aqueous solutions of perfluorooctyl sulfonate (C 8 F 17 SO 3 − ; abbreviated as FOS) micelles having a mixture of tetraethylammonium (N + (C 2 H 5 ) 4 ; TEA) and tetramethylammonium (N + (CH 3 ) 4 ; TMA) ions as the counter cations, linear viscoelastic behavior was examined at 20°C. The solutions had the same FOS concentration (0.045 mol L −1 ) and various TEA fraction in the counter cations, φ TEA = 0 − 1, and the spherical FOS micelles therein were connected into threads and further organized into dendritic networks. For φ TEA ≥ 0.5, the FOS threads/networks exhibited the Maxwell-type terminal relaxation reflecting their thermal scission. In this range of φ TEA , the terminal relaxation time τ increased with decreasing φ TEA while the steady state compliance J e was insensitive to φ TEA . On a further decrease of φ TEA below 0.3, τ became insensitive to φ TEA and J e gradually increased possibly because the motion of the threads in the unscissored form became faster than the thermal scission to govern the terminal relaxation.These rheological features were discussed in relation to the effects of TEA and TMA on the thermal scission of the FOS threads/networks: Since the charge was the same for TMA and TEA but the bare radius was smaller for TMA, the TMA cations should be preferentially bound on the FOS thread. The thermal scission of the FOS thread, occurring through an exchange of the bound and non-bound TEA cations (Watanabe et al., Rheol Acta, 28, 110 (2000)), appeared to be strongly suppressed by the preferentially bound TMA cations that effectively blocked the exchanging sites. Indeed, in a range of φ TEA ≥ 0.5 where the thermal scission governed the relaxation of the system, the rheological data were well described by a simple model considering this blocking effect.
INTRODUCTION
In aqueous solutions, amphiphilic surfactant molecules form aggregates of various shapes according to their chemical structure, concentration, and temperature. [1] [2] [3] [4] [5] [6] Among these aggregates, threadlike micelles exhibiting prominent viscoelasticity have been subjected to extensive rheological studies. [7] [8] [9] [10] [11] [12] [13] [14] [15] The stress of the threadlike micelles is related to their orientation/stretching, as in the case of unbreakable polymer chains. However, these threads can be reversibly scissored and reformed due to the thermal motion of unimers (either individual surfactant molecules or their spherical micelles), and the stress relaxation occurs through this thermal scission if the scission is faster than the global motion of the threads in the unscissored form. This scission-induced relaxation is different, in some aspects, from the relaxation of the unbreakable polymer chains. For example, the thermal scission results in the Maxwell-like terminal relaxation (with the mode distribution being much narrower than that for the polymer chains), as noted for threads of 1:1 complex of cetyltrimethylammonium bromide (CTAB) and sodium salicylate (NaSal) 11) and for the threads of cetylpyridinium chloride (CPyCl) and NaSal. 9, 10, 15) These CTAB:NaSal and CPyCl:NaSal threads have a cylindrical shape. A different type of threads is formed in aqueous solutions of tetraethylammonium (TEA) perfluorooctyl sulfonate (FOS): For these solutions, cryogenic transmission electron microscopy (cryo-TEM) revealed that the FOS molecules aggregate into spherical micelles (with the fluorooctyl groups inside) and these micelles associate with each other to form pearl-necklace shaped threads. 5, 6, 16, 17) These FOS threads, further organized into dendritic networks, exhibit the Maxwell-type terminal relaxation in the linear viscoelastic regime. 16, 17) This linear relaxation behavior, being attributed to the thermal scission of the FOS threads, is qualitatively similar to that of the CTAB:NaSal threads, 11, 12) although the * To whom correspondence should be addressed.
nonlinearities under large strain/fast flow are much larger for the FOS threads because of their feebleness (due to the necked portion). 16) In attempt to clarify the thermal scission mechanism of the FOS threads, detailed NMR 18, 19) and rheological 17) studies were conducted for the pure FOSTEA solutions as well as for binary solutions of FOSTEA and lithium perfluorooctyl sulfonate (FOSLi). The NMR studies 18, 19) revealed that a fraction of the TEA cations in the FOSTEA solutions is bound on the spherical FOS micelles and that the non-binding Li cations 6) in the FOSTEA/FOSLi solutions enhance preferential binding of the coexisting TEA cations on the FOS micelles.
These bound TEA cations, partly neutralizing the negative FOS micelles, electrostatically as well as hydrophobically stabilize the FOS thread structure. 18, 19) Furthermore, the rheological study 17) In the above FOSTEA/FOSLi binary solutions, the mixing of the non-binding Li and binding TEA cations mainly results in a decrease of C TEA *. We expect a difference in the rheological behavior when the TEA cation is mixed with a more strongly binding organic cation (instead of Li). As a candidate of such strongly binding cations, we can choose tetramethylammonium (TMA) cation that is smaller than the TEA cation but has the same charge. If the terminal relaxation is dominated by the thermal scission of the FOS threads/networks, the G' and G" data at low ω are described by the Maxwell model, 9, 11, 15, 16) (1)
EXPERIMENTAL

RESULTS AND DISCUSSION
Overview
Here, G M is the plateau modulus, and τ M is the Maxwell relaxation time. We attempted to fit the G' and G" data with Eq.(1) to examine if the thermal scission dominates the relaxation of the FOSTEA/FOSTMA solutions. The results of the fitting are shown in Fig.1 with the solid and dotted curves.
In Figs.1 and 2 , we clearly note that the behavior of the solutions is different for φ TEA ≥ 0.5 and φ TEA < 0.3. In the pure FOSTEA solution (φ TEA = 1), the terminal relaxation is excellently described by the Maxwell model (cf. Fig.1d ) and thus dominated by the thermal scission of the dendritic networks of the FOS threads, as noted also in the previous study. 16, 17) In a range of φ TEA between 1 and 0.5, the G' and G" data at low ω are equally well described by the model and the plateau modulus hardly changes with φ TEA (cf. Fig.1c ). The mole fraction of TEA in the cations, φ TEA , is varied from 0 to 1. In relation to this failure of fitting, we note that J e increases with decreasing φ TEA < 0.3 (Fig. 2b) . Thus, the relaxation mode distribution broadens and the terminal relaxation intensity decreases on this decrease of φ TEA , as also noted for the G' and G" data ( Figs.1a and 1b) . These results suggest that the Figs.1 and 2) , lending support to the estimated φ c,TMA value. Thus, we utilize this value to formulate a simple model for τ in the binary solutions, as explained below.
Estimation of Critical TMA Fraction
Thermal Scission Model
The terminal relaxation in the pure FOSTEA solutions is dominated by the thermal scission of the FOS threads, and its characteristic time is described by an empirical equation, 17) Here, C TEA * is the concentration (in unit of mol L 
data of these solutions with φ TEA ≥ 0.5 are insensitive to φ TEA (J e ≅ 0.1 Pa −1 ; cf. Fig.2b) 
CONCLUDING REMARKS
Viscoelastic behavior was examined for the FOSTEA/ 
